INTRODUCTION
Polycyclic aromatic hydrocarbons (PAHs) are organic compounds composed of two or more fused aromatic benzene rings as part of their structure. They can arrive into the environment components, like soils, from both natural, anthropogenic, and technogenic sources (Tsibart and Gennadiev 2012) . PAHs belong to a group of persistent organic pollutants (Vacha et al. 2010) due to their chemically stable structure and low bioavailability (Lamichhane et al. 2016) . Despite the fact that there is a large amount of research on the contamination of different landscape components (including soils), many problems related to the origin and behavior of PAHs in the environment are still unclear (Tsibart and Gennadiev 2012) .
Soil sealing has a significant impact on the functioning of soil. This problem often affects fertile agricultural lands, increases the flood risk and water deficiency, and contributes to global warming (Couch et al. 2007 , Scalenghe and Ajmone Marsan 2009 , EU Technical Report 2011 . Sealing of soils is listed as one of the main causes of soil degradation in the European Union together with soil erosion, decrease of soil organic matter content, soil compaction, etc. (European Commission 2006) . There are two examples of the degree of soil sealing (Nestroy 2006) . First of them is the total imperviousness (caused by solid concrete or asphalt), the second is sealing with semi-pervious surface (e.g. cobblestones, concrete paving slabs or openwork concrete structures) which allow partial penetration of water and air.
The objective of the study was to determine the influence of soil sealing degree on soil contamination with polycyclic aromatic hydrocarbons (PAHs).
MATERIAL AND METHODS
from the corresponding horizons in case of non-sealed soils. Detailed sampling depths were described in Table 1 . In total, 11 samples were collected for the laboratory analysis. The following soil properties were determined: particle size distribution by the sieve method and the hydrometer method (the Bouyoucos aerometric method modified by Cassagrande and Pró-szyñski), the names of the texture classes were given in line with the classification of Soil Science Society of Poland -PTG 2008 (Polskie Towarzystwo Gleboznawcze 2009 , pH potentiometrically for the soilto-solution ratio of 1:2.5 using H 2 O and 1 mol·dm 3 KCl as the suspension medium, approximate content of organic matter was determined using loss on ignition (LOI) analysis (each sample was ignited at temperatures of 550° in a muffle furnace), and content of carbonates by the Scheibler volumetric method. Content of selected PAHs was determined by dichloromethane extraction using gas chromatography with mass spectrometric detection (GC-MS) according to the US GEOLOGICAL SURVEY procedure (Furlong et al.1996) with following detection limits and mean method recovery (compound -detection limit/method recovery, both in µg·kg Box-and-whisker plots, (Fig. 2) were drawn using Statistica 9.0 software (Statsoft Inc.) to show the relationships between some soil parameters and soil sealing degree.
RESULTS AND DISCUSSION

Basic properties of the soils studied
In general all of the analysed samples were characterized by the sandy texture (sandy loam in case of sample B I) (Table 2) . Therefore, the sealed soil profiles (A II, B II, B III, C II, C III) meet the criteria of Ekranic Technosols (Arenic) according to WRB (IUSS Working Group WRB 2015) . According to the Polish Soil Classification (PSC 2011) they were classified as Ekranosols (in Polish: ekranosole). Reference soil profiles (A I, B I, C I, D I) are characterized by morphology features of deformed (truncated or buried with relocated material) Brunic Arenosols (Rusty soils -gleby rdzawe; PSC 2011) or weakly developed Podzols (Podzolic soils -gleby bielicowe; PSC) which dominated in the area of river terraces in place when the city is located Jankowski 2006, Charzyñski et al. 2013a) .
Approximate content of soil organic matter measured based on LOI varied from 0.28 to 6.63% (Table 2 ) with no significant trend according to the soil sealing degree. This result is in opposite to other FIGURE 2. The differences in some of the investigated soil properties depending on the soil sealing degree reported findings that soil sealing has strong influence on the organic carbon concentration (e.g. Pouyat et al. 2006 , Churkina et al. 2010 , as well as example of different studies from the Toruñ city concerning the impact of soil sealing degree on microbial biomass and enzymatic activity (Charzyñski et al. 2013b, Piotrowska-D³ugosz and Charzyñski 2015) . The reaction of soils was alkaline in all analyzed samples. Differentiation of the pH values, as well as the CaCO 3 content was not connected with the soil sealing as in case of the organic matter content (LOI) ( Table 2 , Fig. 2 ).
PAHs content in studied soils, its variability and origin
PAHs content in analyzed soils was characterized by large variability. It ranged from 73 to 5907 µg⋅kg -1 for the sum of the determined PAHs (Table 3) . Eight out of nine compounds (beside the naphthalene) from the list defined in the Regulation the Polish Minister of Environment (Regulation of the Minister of Environment 2002) were examined in this study. Defined limits were exceeded for 46 individual cases and for 5 out of 11 total samples in case of calculated sum of the listed PAHs for the depth of 0-0.3 m in the built-up and urban areas. Content of benzo[a]pyrene exceeded the allowable limits to the utmost, even more than 15 times more in case of sample B I (Table 3) .
Sum of the determined PAHs and benzo[a]pyrene content shows a significant impact of the soil sealing degree on the soil contamination with polycyclic aromatic hydrocarbons (Fig. 2) . Concentration of these harmful compounds clearly decrease with the soil sealing degree as the totally sealed soils were the least, and non-sealed control ones were the most contaminated. Therefore, despite the fact that soil sealing is without any doubt negative phenomenon some positive impact could be also present. In these case it is the suppressing of the atmosphere originated pollution. The positive aspect of some soil degrading factors e.g. soil erosion leading to the preservation of the organic soils with the colluvium was reported already (e.g. Smól-czyñski 2006 , Mendyk et al. 2015 .
Fluoranthene and pyrene are dominating compounds when taking into accounts the means of the results obtained for all of the analyzed samples (Table 3) . Similar results were obtained for the urban soils of London (Vane et al. 2014) . In case of some particular instances this situation could be different. These examples were samples characterized by domination of benzo [b] coming from incomplete combustion of the oil and its products (Tsibart and Gennadiev 2012) or the combustion of fossil fuels in general (McCready et al. 2000 , Vane et al. 2007 , Vane et al. 2014 .
PAH isometric ratios were also used in order to characterize the PAH main source in soil and sediments (Vane et al. 2013 (Vane et al. , 2014 . Following ratios were used in these paper: phenathrene/anthracene compared with fluoranthene/pyrene (Budziñski et al. 1997 , Vane et al. 2014 ) and benzo [a] anthracene/benzo[a]anthracene+chrysene compared with fluoranthene/fluoranthene+pyrene (Yunker et al. 2002 , Vane et al. 2014 (Fig. 3 and 4) . Values of the first two ratios shows that almost all of the samples were contaminated with PAH coming from pyrogenic sources (Fig. 3) . This is confirmed with results of another two ratios (Fig. 4) that suggest the combustion of grass/wood/coal as the main origin of PAHs in the soils studied. On the other hand we can not exclude an illegal combustion of synthetic materials wastes e.g. plastic bottles as the other source of PAHs. Relatively high concentration of benzo[ghi]perylene compared to benzo [a] pyrene (values exceeding 3.14) (Vane et al. 2014 , after Creaser et al. 2007 indicates the traffic exhaust as the major source of pyrolytic source. The values of this ratio ranged from 0.81 to 1.67, therefore it stand together with previous analyzed plots. All of the results are similar to those coming from the research conducted for the city of London (Vane et al. 2014) , Miami (Banger et al. 2010) , and New York (Marquez-Bravo et al. 2016) . However this method alone is not definitive and could be a source of uncertainty (Vane et al. 2014 after Katsoyiannis et al. 2007 Katsoyiannis et al. , 2011 .
There are significant differences in PAHs concentration between individual study sites in Toruñ city. The highest content of analyzed compounds was observed on the Stepowa street (site D), in the southern part of the city. This site is also characterized by the smallest variation in PAHs content according to the soil sealing degree. Relatively high concentrations were also determined in samples collected at the sites A and B. These three sites (A, B, and D) were distinguished by location within or in the close vicinity to the single-family residences, whereas the site C (Table 3) 2. Soil sealing degree has a strong influence on the soil contamination with polycyclic aromatic hydrocarbons. Totally sealed soils are preserved from atmospheric pollution including PAHs. 3. The main source of determined PAHs content in examined soils was the combustion of grass/wood/ coal, most probably coming from the individual heating systems of the single-family residences.
